Z bosons are short lived and do not participate in the strong interaction. Thus their production yields, observed via dilepton decay channels in proton-lead and lead-lead collisions, provide direct tests of both binary collision scaling and the nuclear modification of parton distribution functions (nPDF). Proton-lead collisions further provide a relatively clean environment for benchmarking nuclear parton distribution functions (PDF). The ATLAS detector has a broad acceptance in the muon and electron channels, with excellent performance even in the high occupancy environment of central heavy-ion collisions. In this talk, Z yields, are presented differentially in rapidity and as a function of centrality in lead-lead and proton-lead collisions.
Introduction
Electroweak bosons are a valuable tool to study the hot and dense medium created in heavy-ion collisions. Since they are insensitive to the strong force and do not interact with the QCD medium, the rate of their production in different centrality classes, allows a test of binary collision scaling within heavy ion (HI) collisions. The first measurement of the Z boson in HI collisions at √ s NN = 2.76 TeV showed that the production rate of Z boson in Pb+Pb collisions is proportional to the number of binary collisions in the ion-ion interaction [1] . This finding confirmed the applicability of pQCD calculations in heavy-ion collisions, as well as the Glauber model description of the nucleonic geometry of the collisions. The experimental precision of these measurements, however, did not reach the level needed in order to determine whether there are nuclear modifications of the PDF. For a more detailed and precise understanding of the QCD medium as well as initial state nuclear effects, Z bosons have been measured in pp, p+Pb, and Pb+Pb collisions at √ s NN = 5.02 TeV. Analysis of Z bosons in pp collisions serves as a baseline to compare with the ion collision systems. The p+Pb collision system is more sensitive to the effects of nuclear modification of the PDF, and the large dataset obtained by the ATLAS experiment [2] enables greater experimental precision in the study of the nuclear PDF. The Pb+Pb collisions offer a high quality dataset to improve understanding of the QCD medium's properties. Related measurements have been performed by the ALICE, CMS, and LHCb collaborations [3, 4, 5, 6] . 
Proton-Proton Collisions
The analysis of Z bosons in pp with collisions is described in detail in [7] . Z boson candidates were reconstructed in the di-muon decay channel. Events were selected using a single muon trigger with transverse momentum above 14 GeV. Candidate events were required to have two high-quality opposite charge muons each with p T >20 GeV and |η| <2.4. There are 7293 events selected with di-muon invariant mass between 66 and 116 GeV. Background processes, chiefly Z → ττ and tt, are approximately 0.3% of the events and their contribution is subtracted. The data are fully corrected for trigger and reconstruction efficiency as well as detector acceptance. Following these analysis steps, the cross section for the mass window 66< m Z <116 GeV and rapidity |y Z | <2.5 is measured to be 590 ± 9 (stat.) ± 12 (stat.) ± 32 (lumi.) pb. An NNLO pQCD calculation using the CT14 PDF [8] yields a cross section of 574 +14 −16 pb in good agreement with the data. A similar calculation performed at NLO using the CT10 PDF [9] gives a cross section of 537 ± 14 pb in poorer agreement with the data. In addition to the integrated cross section the rapidity differential cross section is also measured and is in good agreement with the pQCD calculations.
Proton-Lead Collisions
Unlike symmetric Pb+Pb collisions, in p+Pb collisions nuclear modifications of the PDFs in the lead nucleus create an asymmetry in the rapidity-dependent cross section of Z bosons; this presents an attractive observable for the study of initial-state nuclear conditions. The analysis of Z bosons via the di-muon and di-electron decay channels in 29.4 ± 0.8 nb −1 of p+Pb collisions is described in detail in [10] . Z boson candidates in the di-muon channel are selected based on a single muon trigger with an 8 GeV threshold. The triggering muon must have p T >20 GeV and |η| <2.4 whereas the second muon must have p T >10 GeV and |η| <2.47. There are 2032 such events with di-muon invariant mass between 66 and 116 GeV. As in the pp case described above backgrounds are subtracted and the data are fully corrected for detector effects to measure the cross section. The di-electron analysis uses a single electron trigger with a threshold of 15 GeV. Similarly to di-muon candidates the triggering electron must have p T >20 GeV and |η| <2.47 whereas the second electron must have p T >10 GeV and |η| <2.47. In addition to this di-electron selection, events with a forward electron in the region 2.5 < |η| < 4.9 are measured in forward calorimeters with no tracking detector information and paired with the triggering electron to increase the rapidity reach of the measurement. There are 1647 events selected with two mid-rapidity electrons and 264 events with a forward electron. The di-electron data are fully corrected into a common phase space as the di-muon measurements and the two channels are combined.
In reference [10] the integrated and rapidity differential Z boson cross sections were compared to pQCD predictions at NLO using the CT10 PDF. The measured cross section is larger than the predictions and is significantly more asymmetric in rapidity. The shape in rapidity is reproduced by using a PDF that contains corrections for nuclear effects, EPS09 [11] ; this decreases the integrated cross section still further from the measured value. However, as implied above by the pp measurement's disfavoring of NLO calculations using CT10, this is simply a shortcoming of the pQCD calculations in obtaining the correct integrated cross section. To clearly see the effects of nuclear modification, the rapidity differential nuclear modification factor R pPb is defined using the pp and p+Pb data as:
This is shown in Fig. 1 . The figure shows that at forward rapidity corresponding to low x of the nucleus the cross section is suppressed in p+Pb collisions compared to pp. This is consistent with expected nuclear PDF modification. The suppression of R pPb is found to be more pronounced in central p+Pb collisions compared to peripheral collisions as shown in Fig. 2 . 
Lead-Lead Collisions
The analysis of Z bosons in Pb+Pb collisions is described in detail in [12] . Similar to the analysis of pp collisions described above, Z boson candidates were reconstructed in the di-muon decay channel. Events were selected based on a trigger that selected for single muons with online transverse momentum above 8 GeV. Candidate events were required to have two high-quality opposite charge muons each with p T >20 GeV and |η| <2.5 (|η| <2.4 for the triggering muon). There are 5326 events selected with di-muon invariant mass between 66 and 116 GeV. Estimated background are subtracted and the remaining signal is corrected for detector efficiency and acceptance as above. The measured Z boson yield is divided by the nuclear thickness function T AA and the number of sampled minimum bias Pb+Pb collisions, and the rapidity differential nuclear modification factor is therefore:
The left side of Fig. 3 shows the rapidity differential yield (cross section) of Z bosons in Pb+Pb (pp) collisions, as well as R AA (y). The two collision systems are similar indicating that nuclear effects on the measurement are small. A model calculation based on NLO calculations using CT10 is overlaid with the R AA (y) and shows the expected effect of the presence of neutrons without any nuclear modification effects. The right side of . Bars and shaded boxes in both panels show the statistical and systematic uncertainties (including T AA uncertainty) respectively. The MC generated prediction is shown with the solid line. [12] 
